Background: The recurrence rate of chronic subdural hematoma (cSDH) is high and early reoperation is often
Introduction
Chronic subdural hematoma (cSDH) is a common problem in neurosurgical practice, which accounts for about 10% of all intracranial hematomas [1] . It occurs typically in older patients [2] [3] and its incidence varies between 1.72 and 20.6 per 100.000 individuals per year [2] . It is usually caused by traumatic event [4] . Initial management of cSDH remains controversial and might be either conservative or surgical [5] [6] . In terms of surgical treatment, there are two main techniques in use. First of them is the group of minimally invasive methods of burr hole craniostomy and twist-drill craniostomy [7] . Alternatively regular craniotomy is performed which, if necessary, might be accompanied by membranectomy [8] . Among surgically treated patients, about 52% to 77% result with good functional outcome [5, [9] [10] [11] ] and 3-month mortality rate is reported between 8% and 22% [10, [12] [13] . One of the predictors of poor treatment outcome is cSDH recurrence [3, 14] . The rate of this phenomenon is very diverse among different studies and varies between 10 and 33% [15] [16] [17] . Potential predictors of cSDH recurrence have been widely analyzed by other researchers and many factors were identified. The most common was age, bilateral cSDH, anticoagulants intake and approach related complications [18] [19] [20] [21] [22] . On the other hand most of authors analyze total recurrence rate regardless of the time period, neglecting early, acute reoperations of cSDH. Predictors of early reoperations by means of reoperation during the same hospitalization are still unknown. Therefore, we decided to analyze which factors might be associated with conditions leading to early reoperations in cSDH treatment with emphasis on minimally invasive techniques.
Materials and Methods
We retrospectively analyzed 355 patients hospitalized between January 2013 and December 2016 with CT-confirmed cSDH who underwent surgical procedures. Upon admission patients were assessed using www.journals.viamedica.pl/medical_research_journal Glasgow Coma Scale (GCS). From their medical record we obtained detailed medical history which included previous diseases and current medications. We also obtained blood test results taken within 24 hours before the surgery together with details concerning operation such as its date, type and side and whether the doctor who performed the surgery and their assistant were specialists in neurosurgery.
If the patient was qualified for minimally invasive procedure, the two burr hole surgery with saline irrigation and subdural or subperiosteal drain was performed. Closed drainage system was left for 72 hours. The choice of drain compartment was based on personal surgeon decision depending on the width of the subdural space.
Patients with large, nonhomogenous hematoma with membranes were qualified for craniotomy with membranectomy. A typical Redon drainage was placed in craniotomized patients in subperiosteal space. Type of craniotomy was defined by anatomical localization and surface area. Surface area was defined by number of convexity bones that were contained in craniotomy.
Early reoperation was defined as reoperation that occurred during the same hospitalization due to a primary neurosurgical condition.
Study protocol was approved by local University Ethical Committee (protocol number KBET/152/B/2012). All subjects signed an informed consent form.
To perform the statistical analysis, we used c2 test for proportional values and t-student test and Mann-Whitney U test as appropriate for continuous variables. To determine the potential predictors of reoperation after cSDH operation we used univariate and multivariate logistic regression analysis. P-values < 0.05 were considered to be statistically significant. Threshold of p-value < 0.1 was used to qualify date to multivariate logistic regression analysis. Forward logistic regression analysis was followed by backwards logistic regression analysis. To perform all statistical analysis we used STATISTICA v. 10 for Windows (Statsoft, Poland).
results
Our study group consisted of 355 patients and 94 (26.47%) of them were females. Mean age of study group was 70.22 ± 15.61 years and mean GCS upon admission was 13.14 ± 3.62. A total of 33 (9.29%) underwent early reoperation. The indication for revision surgery was hematoma reaccumulation with or without neurological deterioration or incomplete removal with persisting clinical and radiological signs of mass effect. For revision surgery craniotomy was performed.
Details concerning medical history, current medications and blood test results are presented in Tab. 1.
Reoperated patients significantly less often underwent minimally invasive procedures (burr hole with subdural or subperiosteal drainage) (36.36% vs. 62.73%; p < 0.01). They also less often had surgery on the right side (33.33 vs. 51.86%; p = 0.04). Reoperated patients more often took steroids (3.03% vs. 0.31%; p = 0.04) prior to surgery. The also more often underwent primary surgery with assisting specialist (24.24% vs. 9.32%; p < 0.01). Details concerning surgery are presented in Tab. 2. Distribution of type of surgery is presented in Figure 1 .
After 
Discussion
We established cSDH early reoperation rate at around 9% in entire group of patients. Similar rates were observed by Yamamoto et al. and Lee et al. [18] [19] . Jung et al. observed recurrence of cSDH in about 13% of patients included in their study [22] and Torihashi in about 17% [17] . In their review of 48 studies, Weigel et al. established that cSDH recurrence rate varied between 10 and 33% [15] .
In our study we determined the impact of minimally invasive approach on reoperation rate in treatment of cSDH. Burr hole craniostomy instead of conventional craniotomy were independently associated with a lower risk of cSDH recurrence. On the contrary, our study showed independent association between higher risk of cSDH early reoperations and large (fronto-temporo-parietal) or frontal craniotomy. Hematomas demanding wide craniotomy usually are larger and contain thickened or calcified membranes [23] . Furthermore larger craniotomy put the patients at higher risk of surgical complications: cortical injury, intracerebral hemorrhage, seizures, surgical site infection, significant blood loss [17, 20, 23] . Similar association had been observed in Schulz et al. study [24] . Also, in Weigel et al. study, morbidity was higher for patients who underwent craniotomies [15] . This is in comparison to the Hamilton et al. study, in which they found no differences between these surgical techniques in terms of cSDH recurrence [25] . Craniotomy (12.3%) has a higher morbidity comparing to minimally invasive approaches like burr hole (3.8%) and twist drill craniostomy (3.0%) but similar cure and mortality rates [15] . The fact that burr hole surgery carries lower risk of complications can be explained by the fact that this procedure is much less invasive and also easier to perform than a craniotomy. Association between less invasive procedure and lower risk of recurrence can also be proved by Taussky et al. study which showed that the number of burr holes can be an independent risk factor of cSDH recurrence [26] . While surgery is a gold standard for treating cSDH, than burr hole is the most commonly performed approach to treat it. Although there is no class I evidence showing which technique is superior, and the decision is based mainly on the house rules the burr hole technique remains the best option for treating cSDH. This proposal results from its beneficial cure to complications ratio. Although twist drill craniostomy is often performed as bedside intervention with only local anesthesia the higher risk of infection is an important issue to consider. [23] The recurrence rate of burr hole craniostomy (11.7%) is much lower than craniotomy (19.4%) and another minimally invasive technique, twist drill craniostomy (28.1%) as showed Ducruet et al. study [27] .
The lower recurrence rate was shown to be achieved when the drainage system was used as a part of burr hole craniostomy procedure [28] . This may also correspond to lower risk of early reoperation while using this minimally invasive technique in our study. Furthermore to reduce the cortical surface injury the drain was inserted subdurally only in case if it was judged as safe, otherwise was placed in subperiosteal space. The safe use of extracranial drain was proofed by Yadav et al [29] .
An interesting finding of our study was independent association between right side cSDH and lower risk of its early recurrence needing reoperation. Influence of cSDH side on recurrence rate had been analyzed before by a few researchers [16] [17] [29] [30] . However, none of them found any significant correlation in terms of this predictor. Only bilateral cSDH was proved to be associated with higher risk of recurrence [16, 21] . Chen et al. in their study suggested that cSDH on the left side might increase the risk of post-operative seizures [30] . As seizures were proved to be an independent risk factor of cSDH recurrence by Kong et al., these facts might explain abovementioned correlation [31] .
We also discovered association between preoperative chronic steroids intake and early cSDH recurrence. Influence of steroids intake had been analyzed before in terms of cSDH recurrence [16] , as corticosteroids treatment had been considered as therapy for both alternative and adjuvant to surgical treatment of cSDH [4] . Few researchers have found no association between cSDH recurrence and steroids intake [32] [33] [34] ; however, in their meta-analysis Almenawer et al. found that steroids treatment adjuvant to surgical treatment was associated with higher mortality among patients with cSDH [4] . This might be consistent with our results.
Our study was limited by fact that obtained data come from single neurosurgical facility experience. Further research should be performed as multi-center study. Despite those limitations, we were able to analyze possible complications requiring early reoperation after chronic subdural hematoma surgeries during 4-year period.
conclusions Factors such as frontal craniotomy, fronto-temporo-parietal craniotomy, previous steroids intake and assisting specialist can be associated with a higher risk of early cSDH recurrence needing reoperation and should be taken into consideration while planning treatment of patients with cSDH and during postoperative care. On the other hand, patients who undergo minimally invasive procedures instead of craniotomies and surgery on the right side due to cSDH treatment are at lower risk of early reoperation.
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